To evaluate the effect of local nitroglycerin on the viable area of a prefabricated flap for vascular implant in rats, and to investigate the surgical delay procedure.
Introduction
The need to manufacture safer cutaneous flaps has led to the investigation of survival mechanisms and the identification of substances that may improve the survival of these flaps [1] [2] [3] [4] .
Nitroglycerin is a potent vasodilator and its sublingual use has been mentioned in the literature since 1879 5, 6 . Although it is absorbed through the epithelium there is no report of the local effect of nitroglycerin on the perfusion of pre-fabricated flaps by vascular induction.
Different from the conflicting results observed when medication is used to improve the viability of the flaps, the surgical delay procedure provides an increase in the viable area of cutaneous flaps in an effective and reliable manner [7] [8] [9] [10] [11] [12] . However, this makes the surgical procedure longer. It is worth pointing out that, in emergency situations, such as those involving trauma, or when the surgical plan has to be modified during the operation, the flap cannot be subjected to the delay procedure earlier.
If the phenomenon of the surgical delay procedure was fully understood, the information could be used to bring on the phenomenon chemically, providing immediate protection for a flap that is at risk. Pharmacological studies have thus been used, not only to preserve an intrinsically weakened flap, but also to test hypotheses concerning the phenomenon of surgical delay procedure, and to improve understanding of the physiopathology of intrinsic failure of cutaneous flaps [1] [2] [3] [4] 13 .
Sá et al. 7 have observed, in rats, that flaps undergoing the surgical delay procedure and simultaneously the implant of a vascular pedicle presented a significantly greater viable area compared with those that did not undergo the procedure. It was also observed that there was no significant difference in the number of vessels formed around the implanted pedicle, whether the flap was subjected to the surgical delay procedure or not.
The aim of this study was to evaluate the vasodilator effect of local nitroglycerin on the surgical delay procedure mechanism, and its action on the viable area of a prefabricated flap model for vascular implant in rats.
Methods
Forty male Wistar rats, 12 weeks old, were randomly divided into four groups and housed at the UFPE's Experimental Surgery Unit, where the surgical procedures were carried. The animals were anesthetized with 10% chloral hydrate at a dose of 0.4mL/100g of body weight intraperiotoneally 14 . The surgical procedures were carried out under strictly aseptic and anti-septic conditions.
Vascular pedicle implant
The superficial femoral artery and vein were dissected along with the nerve and a layer of muscle, using a surgical microscope dfv ® . Then, the vasculo-nervous pedicle was tied distally, sectioned, and proximal segment was rotated along with a layer of muscle surrounding it, implanted in the subdermal region 
Histological study
After photographing the final areas, the flaps were removed, fixed in 10% formaldehyde and submitted to a histological study. A blood sample was collected from one animal in group 3 and one in group 4, at the end of the seventh day of use of the Nitroderm STT, to determine serum nitroglycerin levels. A separate study was carried out to determine these levels on the first, third and fifth days. A single sample was taken from each animal on the first, third and fifthdays of use of Nitroderm SST to determine the serum nitroglycerin levels during all the experiments.
The serum levels of nitroglycerin was determined by means of its principal metabolites (2-mononitrogycerin Table 1 shows the main statistics describing the initial area (Ai), the final area (Af) and the relation between the final and the initial area (Af/Ai), by experimental group. The result of the Kruskal-Wallis test indicates that there were significant differences among the four experimental groups in terms of the distribution of values for Af/Ai (p<0.001, Table 1 In the histological study, in the transition area between the preserved and ischemic skin the epidermis presented with coagulative necrosis and sometimes showed signs of erosion.
The effects of local nitroglycerin on the surgical delay procedure in prefabricated flaps by vascular implant in rats
There was subepidermal neutrophilic infiltrate which extended to the dermis at some points, with obstructed arteries. The dermis showed fibroblastic proliferation with areas of thick collagen.
There were no cutaneous attachments or stretched skeletal muscle in the area corresponding to the epidermal necrosis. Granulation tissue was frequently observed at the base of the segment. These findings were identified in all groups.
The results of the studies of the efficiency of the medication delivery system (Nitoderm SST) and the systemic effect of the dose delivered indicated that the nitroglycerin was transported through the skin to the inner part of the flaps. HPLC was used to identify the metabolites of nitroglycerin in the plasma of all the animals submitted to treatment (Figure 7 ). 
Discussion
The results presented in this study have shown that In view of the tissue failure mechanism described above,
Im et al. 3 suggest that the surgical delay procedure mechanism acts by maintaining the level of normal SOD enzyme in the distal portion of the flap undergoing surgical delay, while, according to these authors, this level would decrease in the acute flaps. There would thus be an increase in the viable area of flaps undergoing surgical delay procedure.
Another hypothesis regarding the physiopathology of the failure of cutaneous flaps focuses on the way the skin is fed at micro-circulatory level by an anastomotic web known as the subdermal plexus. In the skin, this plexus has a wealth of vessels that resemble the capillaries that connect the arterial to the venous system, which are called shunts. The areas of reduced blood flow, such as the distal portion of the cutaneous flap, the blood flow would be diverted through the pre-capillary shunts of low resistance, leading to ischemia and necrosis of the circumjacent tissue, since the blood would not reach the capillaries responsible for metabolic exchange, the nutrient vessels 9 .
Given this tissue failure mechanism, there are other authors who attempt to explain the phenomenon of surgical delay procedure [9] [10] [11] . In the view of these authors, the partial reduction in the blood flow to the flap, during the surgical delay procedure, would lead to sympathectomy, as a result of the wearing down of the nerve fibers of the sympathetic nervous system, which run along and in the wall of the vessels. As a result, there would be a relaxing of the tonus in the shunts, increasing the blood flow through them. As this is a partial reduction in flow, there would also be sufficient pressure to ensure that blood arrived in the nutrient vessels to meet the tissue's metabolic requirements, although part of the blood flow to the skin would be diverted through the shunts, since these have lower resistance. This would explain the fact that there was no necrosis in the flaps in groups 2 and 4, which were subjected to a partial reduction in blood flow during the surgical delay procedure. After a number of days, as a result of denervation, the organism would move into a stage of hypersensitivity to the vasoactive amines that normally circulate in it, which would cause these shunts to close. During the second stage of surgery, after three weeks, the flap would be raised ready to be transferred. This new procedure would cause section of the nerve fibers, although not the opening of the shunts, since these would be closed due to the hypersensitivity to circulating vasoactive amines. The closing of the shunts would require greater quantities of blood to flow through the nutrient vessels, causing metabolic exchange, and thus improving the survival area of the flaps. According to this theory, therefore, the surgical delay procedure causes a closing of the shunts.
In the present study, flaps undergoing a surgical delay procedure were submitted to local nitroglycerin, whose action mechanism is well-known. The purpose was to investigate how the surgical delay procedure is capable of improving the survival area of the flaps. The experimental model used here, adds weight to the hypothesis that the shunts are involved in the physiology of the surgical delay procedure. The find out of a drug able to replace the surgical delay procedure would be important as to flap in threatening necrosis state, as to situation that surgical delay procedure can not be used. Further research is required to test new drugs that act selectively to close the shunts will be needed to confirm the results of this study and allow clinical trials of these medications to begin.
Conclusion
The local nitroglycerin did not lead to improvement in the survival area of flaps prefabricated for vascular implant and reduced it in flaps that had undergone a surgical delay procedure.
